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1.0 INTRODUCTION 
The 903 PadRyan’s Pit Plume onginated from releases that occurred at the 903 Storage Area (Individual 
Hazardous Substance Site [MSS] 112) and Ryan’s Pit (MSS 109), previously designated as a part of the 
former Operable Umt (OU) 2 The 903 PacVRyan’s Pit groundwater plume was sixteenth in the pnonty 
ranlung in the September 1998 Envlronmental Restorahon (ER) Ranking The source areas, Ryan’s Pit 
and 903 Pad, were ranked first and sixth, respectively, in the ER Ranktng The Ryan7s Pit source removal 
began in September 1995 mth the removal of contaminated soils The contaminated soil was treated in 
February 1996, and the project was completed in August 1996 with replacement of soils (RMRS, 1997a) 
The 903 Pad source removal is scheduled for 2001 The pnmary contaminants in the 903 Pad/Ryan’s Pit 
plume are carbon tetrachlonde, trichloroethene, and tetrachloroethene The Rocky Flats Environmental 
Technology Site (WETS) agreed on a 1999 milestone for characterizmg the plume groundwater wells to 
protect surface water quality in Woman Creek 

In 1998, the WETS program to charactenze the 903 PacVRyan’s Pit plume was approved by the 
Envlronmental P r o w o n  Agency (EPA) and Colorado Department of Public Health and the Environment 
(CDPHE) The charactenzation data showed that the contammated groundwater plume was not affecting 
surface water quality, and there was evidence of the occurrence of natural attenuation As a result there 
was not a need for collection and treatment of contaminated groundwater III the distal end of the plume 
EPA and CDPHE concurred with ths  conclusion, and it was agreed that additional groundwater 
monitonng was required pnor to making a final decision This technical memorandum prondes the basis 
and technical approach for monitonng the 903 Pad/Ryan’s Pit volatile organic compound (VOC) plume 
to provide data on natural attenuation and to protect surfBce water quality 

1 1  OBJECTIVE 

The objective of 903 Pad/Ryan’s Pit VOC plume monitoring is to evaluate the potential for impacts 
on surface water quality 

Corollary Objective Evaluate natural attenuation of the 903 PadRyan’s Pit Plume 

The nearest receiving streams for the 903 Pad/Ryan’s Pit plume are the South Interceptor Ditch (SID), 
located 150 feet upslope of Woman Creek, and Woman Creek (Figure 1-1) E m n a t i o n  of historical 
aerial photographs and enhanced mulhspectral scanner images (EG&G, 1989), and subsequent field 
observahons made m December 1998 mdicate several potential discharge areas for shallow groundwater 
associated with the 903 Padhlyan’s Pit plume shown on Figure 1-2 No VOC or flow data are available 
for any of the seeps, however, recent field observabons of seep characterishcs indicate that surface flow, 
if present, would be intermittant and probably minimal 
bmlt drawings of the SID to the projected bedrock surface elevahons presented in Figure 1-3 mdicate that 
colluwal groundwater, if present, should be close to bed level near the base of these structures The 
localized nature of this vegetation suggests that any emergent groundwater will primanly evapotranspire 
rather than discharge laterally as ditch flow 

Companson of ditch bed elevations from as- 

Contaminants from the 903 Pad/Ryan’s Pit plume have not been detected in the nearest downstream 
surface water location Additionally, the concentration and total mass of contamiiiants decrease 
considerably downgradient fiom the source area VOCs have not been detected in historical samples 
(1986-1993) fiom the nearest downstream SID (SW027, see Figure 1-1) 

Based on these observations, there does not appear to be a near-term nsk to surface water quality posed 
by the plume However, surface water sampling will be conducted by bracketing the east and west plume 
boundanes wth upstream (background) and downstream stat~ons in both the SID and Woman Creek to 
venrjr that the downgradient extent and concentrations do not impact surface water quality Details on 

0 

c4 
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Compound 
Carbon Tetrachlonde 

sampling locations and frequencies can be found U-I the Sampling and Analysis Plan for Groundwater 
Monitoring at the 903 PadRyan 's Pit VOC Plume (RMRS, March 1999a) 

(pdl) 
5 

Table 1-1 contams the Rocky Flats Cleanup Agreement (RFCA) (DOE, 1996) surface water action levels 
for Segment 5 for the contaminants of concern These action levels are applicable at the pomt of 
evaluabon, Pond C-2 

Compound 
Carbon Tetrachlonde 

Table 1-1 RFCA Surface Water Action Levels for Segment 5 for the 903 PAD/Ryan's Pit Plume 
Contaminants of Concern 

(pdl) 
5 

I Surface Water Action Levels I 

Cis- 172-Dichloroethene 
Methvlene Chlonde 

70 
5 

Cis- 1 -2-Dichloroethene 70 
Methvlene Chlonde 

1 2 PROJECT APPROACH 

The proposed amon requres the installabon and penohc sampling of three groundwater-monitoring 
wells near the Ieadmg downgmhent edge of the 903 Padmyan's Pit Plume One well will replace 
Temporary Well 01298 (see Figure 1-1) since a permanent well is needed for long-term monitonng Two 
wells will be placed downgradient These wells will be placed in downgradient locations w~th the 
greatest groundwater flux The locabons for the downpadent wells will be based on data collected from 
the planned Geoprobe@ (direct-push sampler) boreholes Well depths will be apprommately 10 to 20 feet 
dependmg on the locabon Geoprobe@ holes are an effective way to determine the hydrogeology of 
multiple locations so that wells are not placed in dry areas or areas vvlth low groundwater fluxes 
Sampling and reporting acbwbes will be integrated with activities under the Integrated Monitonng Plan 
(IMP) Additional detah of this approach can be found in Section 3 0 

I 5 I 

a 
I 

Tetrachloroethene 
Tmhloroethene 

5 
5 
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2 0 PROJECT DESCRIPTION 

This section provldes a bnef project background and data summary along with a descnption of the 
hydrogeologic settmg and exlsting site conditions More detailed information can be found in 

Sampling and Analysis Plan, Characterizatron of the 903 Pad/Ryan 's Pit and East Trenches Plumes, 
(IT COT, 1998b), 

Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology Site (EG&G, 
1995b), 

Phase 11 Resource Consewahon and Recovery Act (RCRA) Facility Inves figanon 
(RFI)/Comprehensive Environmental Response, Compensation, and Liability A d  (CERCLA) 
Remedial Inveshgation (H) Report, 903 Pad, Mound, and EaJt Trenches Area, OU 2, (DOE 1995), 
and, 

Historical Release Report (HRR) (DOE, 1992) 

2 1  BACKGROUND 
Two nearby VOC sources contnbute to the 903 PdRyan's Pit Plume, the 903 Pad and farther south, 
Ryan's Pit (Figure 1-1) The 903 Pad area was used to store drums that contamed radioactively 
contaminated olls and VOCs from the summer of 1958 to January 1967 Appromately three-quarters of 
the drums contamed plutonium-contaminated liquids whle most of the remning drums contamed 
urantum-contarrunated liquids Of the drums contaming plutonium, the liquid was pnmanly lathe coolant 
and carbon tetrachlonde in varying proporhons Also stored in the drums were hydradic oils, vacuum 
pump oil, tnchloroethene, tetrachloroethene, silicone oils, and acetone still bottoms 

Lealung drums were noted in 1964 dunng routrne handling operatrons The contents of the leaking drums 
were transferred to new drums, and the area was fenced to restnct access When cleanup operations 
began in 1967, a total of 5,237 drums were at the drum storage site Approximately 420 drums leaked to 
some degree Of these, an esbmated 50 drums had leaked their enbre contents The total amount of 
leaked material was estimated at around 5,000 gallons of contarmnated liquid contaming approxlmately 
86 grams of plutonium From 1968 through 1969, some of the radiologically contaminated material was 
removed, the surrounding area was regraded, and much of the area was covered with clean road base and 
an asphalt cap Because of the high concentrations of VOCs present in the groundwater (greater than 1 % 
of the chemical's solubility), dense, non-aqueous phase liquids (DNAPLs) are suspected to exist 
underneath the 903 Pad WETS has scheduled remediation of the 903 Pad including source removal, to 
begin in 200 1 

Ryan's Pit is located approxrmately 150 feet south of the 903 Pad and is approxrmately 20 feet long, 10 
feet wide, and 5 feet deep Ryan's Pit was used as a waste disposal site s-ng In 1969 and for 
nonradioactwe liquid chemical disposal startmg in 197 1 Use of the pit ceased in 197 1 VOCs disposed 
at thls location include tetrachloroethene, tnchloroethene, and carbon tetrachloride In addition to VOC 
dlsposal, p u t  thinner and small quanhties of construction-related chemicals may also have been placed 
in Ryan's Pit According to hstorical data, only liquids were put into the pit, and their containers were 
either reused or disposed in other areas (DOE, -1992) 0 - 
Source removal activities for Ryan's Pit began in September 1995 with removal of contaminated soils and 
was completed in August 1996 Along with degraded drums and plutonium-contaminated soils, free- 
phase tetrachloroethene and motor fuel constituents were found dunng this removal action One hundred 
and eighty cubic yards of source m a t e d  were removed in this action (RMRS, 1997a) 
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I 

2 2 HYDROGEOLOGIC SETTING 

WETS IS sauated at the margfn of a gently eastward sloping topographc and bedrock pedment surfice 
mantled by uncunsohdated Pleistocene Rocky Flats Alluwum and underlam m l y  by claystones, 
siltstones, and sandstones of the Cretaceous Arapahoe and Lararme Format~ons (EG&G, 1995a) East of 
thu mar- colluvnun-covered hllslopes dominate the landscape, except along valley battoms where 
valley-fill allumal deposits occupy the major stream courses 

The Rocky Flats Alluwum is compmed chiefly of poorly sorted, clayey gravels and sands mth abundant 
cobble and boulder-slzed matenal and discontmuous lenses of clay, silt, and sand fillside colluvlal 
deposits are markedly finer-gramed in texture, being comprised of clay, clayey gravels, and lesser 
amounts of sand and sdt These deposrts were denved from geologic m a t e d  exposed on the steep slopes 
and topographc highs, and were formed by slope wash, downslope creep, and landshde achon Valley- 
fill deposrts were fluvdly denved fiom upstream matenals, and conslst of clay, silt, and sand mth lenses 
of gravel These deposits occur along the drrunage bottoms in and adjacent to stream beds, and are most 
common m the eastern porhons of WETS 

The Arapahoe Formabon is 0 to 50 feet thick at WETS and consists matnly of a dscontmuous, but 
mappable, fine- to medun-gramed, moderately- to poorly- sorted sandstone umt that forms the 
uppermost sandstone of signficant lateral extent l k s  sandstone umt 1s referred to as the Arapahoe 
Formabon (or No 1) Sandstone (EG&G, 1995a) and is known to locally subcrop beneath the Rocky Flats 
Alluwum and collumum in the 903 Pad, East Trench and other areas of the eastern Industrial Area It has 
been shown to be an important pathway for the lateral transport of contarmnated groundwater to hrllslopes 
in other areas of the Site (I e , South Walnut Creek) 

'The Laranue Fo-on conformably underlies the Arapahoe Forrnat~on and consists prunanly of massive 
claystone and s W n e  wth &scontsnuous clayey sandstone un~ts (EG&G, 1995a) Unllke the Arapahoe 
Fo-on sandstone, these sandstone unrts exhtba litholog~c and hydrologc cbaractensbcs (I e ,  hgh ma- 
clay content and low permeability) that are not mdcatwe of co- pathways These lent~cular Lararme 
Formaon sandstones are texturally &dmct fiom the Arapahoe Formaon sandstone by wtue of their hgh 
silt and clay content (EG&G, 1995a) 

The 903 Pad is located southeast of the Industrial Area of RFETS on the flat surface at the southern edge 
of a pedlment A south facing hllside slopes downward from the 903 Pad to the SID and Woman Creek 
Ryan's Pit IS located on the hillside to the south of the 903 Pad In the 903 Pad area, the Rocky Flats 
Alluwum is 10 feet thick at the northwest corner of the Pad whch IS near a bedrock high, and 25 feet 
thlck at the southeast corner whch is mthin a bedrock channel The sitemde geometslc mean of the Flats 
Allumum hydraulic conductmty is 6 x 10" centimetedsecond The Rocky Flats Alluvlum is truncated 
by erosion and does not extend to Ryan's Pit At Ryan's Pit and hrther downslope toward Woman Creek, 
surticial deposits pnncipally consist of clay-nch collurnum and reworked Rocky Flats Alluwum Caliche 
is common m both the allurnurn and colluvium Groundwater at Ryan's Pit is between 3 to 10 feet below 
ground surface There are numerous slump features m this area and a large scarp face is located between 
the 903 Pad and Ryan's Pit 

I Bedrock in the 903 Pad and Ryan's Pit area is pnmanly composed of weathered claystone of the 
Arapahoe and Laramie Formabons In ad&Uon, the Arapahoe No 1 Sandstone subcrops under the 
alluwum at two locahons, west of and southeast of the 903 Pad The subcropping to the southeast is m 
the 903 PadRyan's Pit Plume Because this subcrop is in the path of groundwater flow, it could affect 
the flow and transport of contaminants of concern in this area The downgradient Geoprobe@ bonngs 

I placed in 1998 did not encounter sandstone as a subcropping 



final Technical Memorandum 
Monitonng of the 903 Pad/Ryan’s A t  Plume 

RF/ER-98-294 UN 
Revision 0 

Effective Date May 1 I, 1999 
Page 8 of 25 

The 903 Pad/Ry-an’s Pit Plume is defined as the lobe of contammated groundwater that flows southward 
from the two source areas toward the SID and Woman Creek dramage The contaminants of concern are 
carbon tetrachloride, methylene chlonde, cis- 1,2-chchloroethene, tetrachloroethene, and tnchloroethene 
Most of the groundwater does not dayllght m t h ~ ~  area, however, below the SID there are a number of 
seeps The lobe of contaminated groundwater whch flows eastward from the 903 Pad is M e r  
addressed m the East Trenches Plume Decision Document (RMRS, 1999b) 

The groundwater contarmnant plume from the 903PadIRyan’s Pit areas is pnmanly confined to the upper 
hydrostrabgraphc umt (UHSU) which conslsts of Rocky Flats Alluwum, collunum, and the weathered 
bedrock Groundwater occurrence m the UHSU deposlts on the 903 Pad/Ryan’s Pit hllslope is controlled 
by a local hydrogeologc s a n g  that results m hmxted amlability of water for plume migrabon The 
south-facmg W l o p e s  of major dramages generally receive smaller amounts of recharge than do the 
north-fixing slopes because of slope aspect effects (1 e , hgher evaportranspirabon demands) and a 
regonal Rocky Flats Alluwal groundwater flow direchon to the northeast that favors bcharge to north- 
facmg hlllslopes In the 903 Padmyan’s Prt Plume area, the mam sources of colluvlal UHSU 
groundwater mclude subsurfhce &charge from the Rocky Flats Allunum and solated bedrock sandstone 
wts, and infiltrabon of incident precip&bon, especially d u n g  the Spmg months Ngh on the 
hllslope, groundwater IS bcharged from the Rocky Flats Allumum and a subcropping sandstone 
(Arapahoe Formahon sandstone) to the colluwum at a seep complex found near the pediment nm 
extending from the southern edge of the 903 Pad to the former 903 lullside sod study area Midslope 
sources of groundwater are matnly limited to precipitabon and subcropping Lararme sandstones and 
siltstones, such as found at well 1487, which generally tend to be poor producers of water Gwen the 
complexity of the W i d e  flow regime, it is expected that colluwal groundwater may also interact 
dynarmdy wrth the underlyng weathered bedrock, wth  flow entemg and mting the bedrock in 
accordance wah the pathway-of-least-resistance pmciple 

The locabon specific slump blocks is not possible to detemune with the wadable data The whole 
hillside is colluwum and therefore, represents many years of soil movement downslope Rather than 
focus on how these movements have impacted groundwater, the approach has been to d e t e m e  where 
groundwater flows so that all paths between the source area and s h c e  water are identified Although 
upgrachent effects, such as low permeabihties and hscontmurties in the geology, can retard and attenuate 
contaminants, it wll  be the change m contammant concentrahons over hme m wells downgrahent that 
will determine whether attenuatmg effects are actually protective of SUrEace water 

Groundwater on the 903 PadRyan’s Pit hllside flows downslope from north to south in a direction that 
approxlmtes the surface topography On a local scale, flow is expected to follow preferenhal pathways 
that may dewate sigmficantly from expected pathways inferred from surface topography alone Figure 1 - 
3 illustrates the configurabon of the bedrock surface based on the results of the pre-remedial field 
inveagahon (IT, 1998a) Spabal vanahons in the bedrock topographc configuration combined wth  
zones of enhanced permeability created by landslide slip planes and hthologic heterogeneity are presumed 
to account for much of the irregulmty indicated by the field data Lkewise, bedrock topography and the 
idenhfied preferenhal pathways appear to be controlling seep locations as can be seen in Figure 1-20 
These condihons, combined with the low to moderate permeabilities of colluwum and weathered 
bedrock, suggest that low groundwater flow rates are prevalent in the saturated areas of the 903 
Pamyan’s Pit hllslope For the saturated area extending from wells 01298 to 01798, IT (1998a) 
estimated a groundwater flow rate of approxlmately 8 cubic feet per day (or 60 gallons per day) most of 
which occurs pnmanly along collumal pathways Thls flow rate results 111 a correspondingly low 
contaminant flux based on contaminant concentrabons detected dunng the pre-remedial inveshgation 
The calculated total VOC contaminant flux for the dlstal end of the 903 Pad/Ryan’s Pit Plume is 
estimated at 0 13 grams per day (IT, 1998a) 
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2 3 PREVIOUS INVESTIGATIONS 
Subsurface inveshgattons, whch encompassed the 903 PadRyan’s Pit plume, were underway as early as 
1987 and include the OU 2 RCRA Facility InvestigatiodRemedial Investigahon (RFI/RI) A 1998 
inveshgabon was implemented to promde the informabon necessary to design a groundwater collection 
and treatment system The following informahon is denved from recent summanes of those 
inveshgabons (DOE, 1995, RMRS, 1997b) 

As summanzed in Section 2 2, contaminated groundwater in the 903 Pad and Ryan’s Pit area is primarily 
confined to the UHSU Fifty-seven VOCs have been detected in groundwater of the UHSU, of these the 
contaminants of concern are carbon tetrachlonde, methylene chlonde, cis- 1,2dichloroethene, 
tetrachloroethene, and tnchloroethene In the source areas, total VOCs in the groundwater are 
approxlmately 5,000 nucrograms per liter (pgA) near the 903 Pad and approximately 57,000 pg/l near 
Ryan7s Pit The maxtmum concentraoons of many VOC contaminants in the former OU 2 area are 
located within thls plume The hghest concentrabon of tetrachloroethene (150,000 Wl)  was detected 
immediately downgradient of Ryan’s Pit A well installed through the center of the 903 Pad had 
groundwater concentrabons of carbon tetrachlonde at 20,000 pg/l, chloroform at 39,000 pg/l and 
methylene chlonde at 35,000 pg/l A well installed at the northeast corner of the 903 Pad detected 
tetrachloroethene at 14,000 pg/l (DOE, 1995) The apparent extent ofthe VOC plumes from the 1996 
Rocky Flats Cleanup Agreement (RFCA) Groundwater Monitonng Report (EMRS, 1997b) are shown in 
Figures 2- I , 2-2,2-3, and 2-4 

Migrahon into the Arapahoe Sandstone appears to be Imited due to the lithology underlying the 
allumum The nearest subcropping of the Arapahoe No 1 Sandstone is adjacent to the west edge of the 
903 Pad Because this subcropping occurs upgradrent of the source area, the plume has had less impact to 
the sandstone than to other stratqgaphc units Th~s is evidenced by a total VOC concentration in the 
sandstone subcropping of apprommately 2,500 pgA Downgradient migration into the Arapahoe No 1 
Sandstone is potentdly limited by an indicated bedrock fault that runs from the northeast to the 
southwest across the hillside (just southeast of the 903 Pad) Due to thls fault, the bedrock including 
Arapahoe No 1 Sandstone is lower on the downgradlent side than the upgradient side Because there are 
not any subcroppings of Arapahoe No 1 Sandstone between the fault and the source areas rmgration 
through the Arapahoe No 1 Sandstone is not likely near the source area However, downgradient of the 
fault, there are subcropping that could allow downgradient migrahon into the Arapahoe Sandstone farther 
away from the source area Well No 1487 is screened into Arapahoe No 1 Sandstone and contams 
contarmnants (see Appendur A), however, it is not known whether these contaminants can be specifically 
attnbuted to honzontal movement in the Arapahoe No 1 Sandstone or through vertical mgrahon from 
the colluwum Cross-Sections in Appendix B show how the sandstone may cause some vertical plume 
migrabon Additional maps can be found in the sitewide geologic charactenzation report (EG&G, 
1995a) It is possible that claystone and silty claystone in the underlymg bedrock have acted as a low 
permeability bamer, preventing significant quantities of contaminants from reaching the No 1 Arapahoe 
Sandstone 

(I) 

As expected, concentrations m the distal end of the plume are lower The concentrations of contamnants 
of concern in groundwater from pre-1998 wells located near the 903 PadIRyan’s Pit downgradient plume 
boundary are prowded in Table 2-1 and shown in Figure 2-5 (see Appendix A for detailed historical 
analytical data for the area wells) 

In March and Apnl of 1998, a senes of direct push (Geoprobe? borings were installed between the 
existmg wells listed in Table 2-1 and the SID which is the nearest occurrence of surface water to the 
plume (see Figure 2-5) The boreholes were placed in a lrne parallel to the SID to delineate the leading 
edge of the plume The boreholes were completed as temporary wells wth a YI inch casing and screen 
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intervals of about five feet The hydrogeologic cross sections through these boreholes are presented in 
Appendix B Groundwater levels were generally checked within one day of well instailahon 

The upper strata of unconsolidated sediments in these borings consisted of colluvium of various 
lithologies, pnncipally silty clays and clayey silts, sometimes contaming sand partrcles Lenses of 
coarser, subangular to subrounded sands and gravels were occasionally encountered Bedrock consists of 
a graysh-brown massive claystone idenbfied by a lack of coarse-gramed matenal The claystone vaned 
from moist to very dry, often becoming dner unth depth In places, the claystone also contamed abundant 
caliche 

Table 2-1 Downgradient Groundwater Concentrations for Contaminants of Concern - 903 
PadRyan’s Pit Plume 

I 

1) Thedepthtobedrockvanedfrom26feetintemporarywell02198to 18 8feetintemporarywellO1198 
The bedrock surface slopes to the southeast, ln broad conformance wth the surficial topography Along 
the line of Geoprobe@ bonngs, localized bedrock lows occur at bonngs 00598,01298,01498, and 01698, 
possibly indicatmg the presence of south-trending preferenbal flow pathways (Figure 1-2) A sequence of 
highly weathered claystone overlying sandy silt also suggests the possibility of a slump block at th~s 
location 

Preliminary VOC analytical results for sods from the 1998 bonngs are presented in Table 2-2 Data 
validabon of 25% of the data set has not been completed Low concentrations of VOCs, pnmanly 
acetone, were detected in several of the bonngs The =mum concentrahon of acetone was 0 072 
milligram per kilogram (mgkg) in bonng 01798 is below RFCA Tier I Subsurf$ce Soil Action Levels 
The appearance of acetone in dry boreholes and boreholes away fiom the plume might be due to 
laboratory contarmnation since it is a common cross-contammant The only contaminants of concern 
detected were carbon tetrachlonde and tnchloroethene ln bonng 0 1298 below RFCA Tier I Subsurface 
Soil Action Levels All other detected VOCs were below the RFCA Tier I Subsurface So11 Action Levels, 
which included 1,2,4-tnmethylbenzene and naphthalene in bonng 02098 The traces of chlorinated VOCs 
in 0 1298 soils coincide with the highest groundwater concentrabons encountered in this investigation 

Groundwater was encountered in only eight of the 26 wells installed in the study area The six 
westernmost wells of the alignment were dry (Figure 2-5) To the east, groundwater was intermittently 
encountered in the wells with the water table generally occumng within weathered bedrock The water 
table slopes to the southeast, in general conformance mth surficial and bedrock topography Dunng 
measurements made on June 18, 1998, the water table was observed within the colluvium in only three 
wells marked by locally low bedrock (01298,01498, and 01698), with approximately three feet or less of 
saturated colluvium (Figure 2-5) Available data fiom these wells indicate that contaminated groundwater 
might eventually discharge to the SID and/or Woman Creek Sampling and analysis of the groundwater 
in the temporary wells was performed in accordance with the Sampling and Analysis Plan (SAP), 
Charactenzation of the 903 PadRyan’s Pit and East Trenches Plume (IT Corp , 1998b), and the 
appropnate WETS Standard Operatlng Procedures referenced in the SAP 

e 
1 < 
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Sampled Internal 
iff b39 

.) ' '  

Six of the 26 temporary wells installed had sufficient water to sample Preliminary concentrations of 
VOCs in groundwater observed dunng the plume charactenzabon investigation are presented in Table 2- 
3 Concentrattons of three contaminants of concern (carbon tetrachloride, tetrachloroethene, and 
tnchloroethene) are also plotted in Figure 2-5 VOCs were detected rn five of the six temporary wells 
The VOC concentrattons in these five wells exceeded one or more Tier I1 Groundwater Action Levels 
(MCLs) Tier I Groundwater Action Levels (1 00 ttmes MCLs) were not exceeded in any of the wells In 
additton to the three mam plume constituents, detected compounds include methylene chlonde, 
chloroform, tetrachloroethene, cis- 1,2dichloroethene, and naphthalene The plume is bounded on the 
west end by numerous dry wells and on the east end by several dry wells and one well, 0 1998, in which 
VOCs were not detected 

Water-Level 
Ekvatian (feet) Aat6ne 

fmdW 

Table 2-2 Plume Characterization Sampling - Subsurface Soil Contaminants (mg/kg) and 
Corresponding RFCA Tier I Subsurface Soil Action Levels 

1 1  
ND 
ND 
ND 
ND 
ND 

9 27 
ND 
ND 
ND 
ND 
ND 

Soil Action Level 2,740 
00198 14 2 - 14 5 Dry ND 
00298 7 4 - 7 9  Dry ND 
00398 10 6 - 1 1  4, 14 8 Dry ND 
00498 11 0 -  11 6 Dry ND 

. 00598 14 0 - 14 6 Dry ND 

t 00698 I 1 3 8 -  147 I Dry I ND 
~ 

00798 9 0 - 1 0 0  DlV I 0007 
00898 I 13 0 - 14 0 Dry I ND 

I 01098 I 1 0 0 - 1 0 9  I DN I ND ND ND 
01 198 
0 1298 
01398 

~~ 

I 02298 I 3 3 - 4 2  I DIV 1 ND 

16 0 - 17 8 Dry ND 
13 3 - 14 0 5840 43 ND 
4 4 - 6 5  5841 85 ND 

I 03998 I 3 0 - 4 7  I DN I 0006 

I 
01498 5 0 - 5 6  5840 16 ND 
01598 6 6 - 7 0  Dry ND 
01698 147-155  5839 79 ND 
01798 4 3 - 5 2  5840 18 0 072 
0 1898 3 4 - 4 5  Dry 0 010 
01998 2 0 - 2 7  Dry ND 
02098 7 Dry 0 020 
02198 4 3 - 4 8  Dry 0 0025 

04098 I 4 9 - 5 5  Dry I ND 

04298 4 0 - 5  1 

ND I ND I 

Dry I ND 

ND I ND I 
ND I ND 
ND ND I 

ND I ND I 
ND I ND I 

ND ND 
Nn Nl-l 

ND - not detectable, below the detection limit of 0 006 mgkg except for borehole 0 1598 which had a 
detemon limit of 0 005 mdkg 
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Table 2-3 Plume Characterization Sampling - Volatile Organic Compounds in Groundwater (pg/l) 

RPCA Tier li 
Groundwater 
;A&€~fi Levez 91498 03698" 01698" 01798 

Well XdanWkatian Number 

PPPP 

Methylene Chlonde 5 24 10 31 
1,l -Dichloroethene 7 35 
Chloroform 100 96 7 73 73 32 

* = Duplicate Samples 
E = concentration exceeds the instrument calibration range and was diluted 
J = result is estimated value below reportmg limit 
Blank Spaces = Not detected at detection limit of 5 ugL 
Note Table includes only compounds detected in one or more of the samples 

2 4 EVIDENCE OF NATURAL ATTENUATION 

Natural attenuaQon processes include "a vanety of physical, chemical, and biological processes that, 
under favorable condltions, act wthout human intervention to reduce the mass, tomcity, mobility, volume 
or concentration of contaminants in soil or groundwater" (EPA, 1997) Th~s mght mclude any or all of 
the following processes 

Chemcal Transformation, 
Biodegr&on, 
Dilubon, 
Dispersion, 
Sorpbon,and 
Volablization 

There are a number of potential mechatllsms that could degrade or limit the mobility of VOCs in the 903 
P a y a n ' s  Pit Plume For the 903 PadRyan's Pit Plume, all of these processes could result 111 significantly 
lower downgradient contarmnant concentrabons Physical processes could be as effective as degradation 111 
controllmg contanunants Because several of these processes likely apply to the 903 PadRyan's Pit plume 
the deternunation of a specific mechanism of attenuahon is not critical However, general conclusions 
regardmg the evidence of natural attenuation can be made This ewdence is discussed in the following 
sections 

e 2 4 1 Plume Equilibrium 

The low downgradient concentrabons encountered dunng past mvestigations could be evidence that 
natural attenuabon processes are degrading the contamrnants andor slowing the migration of 
contaminants The releases that created the plume occurred between 1955 and 1971 (DOE, 1992) 



Final Technical Memorandum 
Monitoring of the 903 Pad/Ryan‘s Pit Plume 

RF/ER-98-294 UN 
Revis~on 0 

Effective Date May 1 1 ,  1999 
Page 78 of 25 

allowmg approxlmately 27 to 43 years for plume migration Well 01487, which is about 60 feet 
upgradient o f  the line of 1998 wells and is screened into the Arapahoe No 1 sandstone, shows an 
apparent trend o f  increasing carbon tetrachlonde and tnchloroethene concentrahons over ome (see Figure 
2-6) Concentrabons o f  tetrachloroethene in Well 01487 are near detechon limits and appear to have no 
apparent trend Although Well 0 1487 is screened into the bedrock, the claystone layer defining the top of 
bedrock is relahvely thin in this area and there is a known subcropping of  the more permeable Arapahoe 
No 1 Sandstone upgradient It is likely that there is good local commumcation between the groundwater 
in the colluvium and the sandstone, whch could indicate significant mixing across the colluvialhedrock 
interface A similar trend analysis can not be done directly on the colluvium until the wells proposed in 
h s  technical memorandum are installed and data is collected 

The gradual increase in concentration observed in Well 0 1487 that could indxate that the VOC plume is 
moving slowly Based on the concentrabon contaminant o f  concerns and their respective degradaoon 
products in downgradient wells, it appears that the predominant attenuahon processes are probably the 
physical processes that govern the plume migrahon as opposed to the chenucal processes that govern 
degradation o f  the contarmnants However, the slow rate o f  plume movement likely enhances 
degradahon processes because the contarmnants ~tl the aquifer have a greater residence time to undergo 
chemical degradahon 

2 4 2 Degradation Products 

The presence o f  degradation products is an important mdicator of contaminant-destroying chemical and 
biological processes One difficulty in ascertaming the presence of degradabon products 1s the wide 
vanety o f  orgmc solvents known to have been placed mto Ryan’s Pit (1 e expected degradation products 
could be solvents from the onginal release) Table 2-4 presents some of the contanunants of concern for 
the 903 PadRyan’s Pit Plume and their associated degradabon products 

Table 2-4 Key VOCs and Associated Degradation Products in the 903 PadlRyan’s Pit Plume 

Key Degradation Product 
Contaminant 

[ f,l,l-Triehlaroethatne *** 

Dichloroethene * * 
I I 

I [ Vinylchlonde 

Tnchloroethene 

Maximum Concentrahon Maximum 
in 1998 Downgradient Concentration in Well 

I 

Wells (ugh) * 01487 (udl) (1987-1996) 

55 
31 I 17 

Not Detected I Not Detected I 

Not Detected Not Detected 
Not Detected Not Detected 

50Q 1 300 

Not Detected Not Detected 

500 3 00 
23 15 : 

I 

Not Detected I Not Detected 

Wells01298,01398 01498,01698 01798 and01998, maximums based on detectionin at least two ofthese wells 
** Dichloroethene and methylene are contaminants ot Loncern and potential degradatron products 
*** I 1 1 - Trichloroethane was detected in the qource area hut not the in the 1998 wells 
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1 , 1 , 1 -Trichloroethane was mcluded in the analysis because it is found in Well 0739 1 m the Ryan's Pit 
source area Concentrabons of up to 1 , 100 ug/l of 1 , 1 , 1 -Tnchloroethane have been detected in the source 
area, however it does not appear that it is affecting downgradient groundwater Because of high 
concentrations in the source area, most of the tnchloroethene is probably residual solvent from the source 
area as opposed to a decay product from tetrachloroethene 

Based on Table 2-4, degradation products for three of the contaminants of concern appear to be present in 
both locatsons The degradatson products found are all consistent with hydrogenolysis as a reductive 
dechlorinabon reaaon Hydrogenolysis is a destructive hydrogenation reaction where hydrogen replaces 
the chlonne atom Although these reactlon products are strong indxators of reductive dechlonnation, the 
much higher concentrabons of the source area contammants of concern indicate that reducbve 
degradabon is not a major factor m limiting the plume movement 

2 4 3 Hydrogeologic Factors 

Because the study area is poorly saturated and the wells at the west end of the study area were dry (Figure 
2-5), it can be concluded that the predominant factor limiting the VOC plume extent appears to be site 
hydrogeology Groundwater flow is confined to the east side of the study area, possibly because of the 
effect of past slumping It should be noted that basis for concluding that hydrogeologic factors are a 
likely mfluence is not based on a rigorous analysis of the collumum It is based on the following factors 

0 

0 

The mam factor controlhng contanunant migrabon nught not be the retardabon of contaminant 
migrabon but simply a lack of groundwater flow Although there are known impediments to flow 
upgrdent, it is the low overall flux of a groundwater and contaminants toward surface water that 
suggest that physical factors are attenuatmg flow 

Upgradient flow in the colluvium could be impeded by the movement of claystone slump blocks 
across more porous members 

Faultmg may have offset the Arapahoe No 1 Sandstone near the source area thereby isolatmg the 
contaminant flow in the more shallow zones of contammation from flow in the Arapahoe No 1 
Sandstone Contaminants are reaching the No I Sandstone farther downgradient near subcrop areas 
as a result of hydraulic communicaoon with the colluvium 

Flow appears to be channelized downgradrent wth signtficant zones in the colluvium that are dry 
Because of this, the actual contaminant flux 1s relabvely low 

Some dilution could be occumng in both the colluvium and the bedrock from cleaner groundwater 
north of the plume and incident recharge on the hllside mixing wth plume water 

Additionally, the bedrock surface is known to have erosional features that will further affect the flow 
These subsurface features might have lengthened the flow path of the plume and enhanced attenuation of 
the plume through physical processes The pnmary flow path for the contammated groundwater was 
shown premously on Figure 1-2 Ths  area is also charactenzed by intermittent seeps from both the 
bedrock and the alluvium The combination of heterogeneous permeabilities, areas of low permeability 
and depressions in bedrock could have routed the flow of water to the eastern portion of the study area, 
farther down the SID, and possibly limited contaminant migration to surface water 0 
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2.4.4 Surface Water Quality Impacts 

There is no htstoncal emdence of surface water quality unpacts fiom the plume Based on data m the 
WETS Soil and Water Database, VOCs have been sporadically detected m the SID at concentn@ons less 
than 100 pg/l The source of these contammu& cannot be hed the 903 Pad Ryan’s Pit Plume smce VOCs 
have also been detected m the SID upstream of the plume The downstream samplmg stahon locatd m the 
SID where d hscharges mto C-2 pond (SW027, Figure 1-1) was sampled for VOCs approxunately 21 tunes 
between 1986 and 1993 Dunng tlm tune penod, methylene chlonde was measured at concentrabons of 14 
pg/l or less Carbon tetrachonde, tetmchloroethene, and tnchloroethene were at or below their detemon 
limt of 5 pg/l Smce methylene chlonde is a common laboratory contanunant and because the other 
contammints of concern or their degradabon products have not appeared m these p r o d  downstream 
s& water l&ons, there 1s presently not an ewdent unpact to mrfh water quality Also, further 
downslope from the SID, the contanunants of concern or degrahon products associated wth the 903 
PadRyan’s Pit Plume have not been detected 

2 4 5 Conclusions Concerning Natural Attenuation in the 903 Pamyan’s Pit Plume 

The followng conclusions can be made based on exlstutg data 

Concentrabons of contarmnants at the leadmg edge of the plume need to be monitored to substanbate 
the emdence that natural attenuahon is o c c m g ,  to assess trends in the concentrabon of VOCs in the 
groundwater, and to confirm that plume migrahon is not o c c m g  or that the plume is movlng very 
slowly 

The presence of reductwe dechlonnaoon products of the three contaminants of concern suggests that 
small quanbties fiom the onginal release mght have been degraded The potential degradabon 
products appear to be consistent wth  the same degradahon m e c h s m ,  specifically, hydrogenolysis 

Hydrogeologic factors appear to have a greater impact on contarmnant mgrabon than degradabon 
processes It is llkely that tlus is attnbutable to a low overall groundwater flux 

There is no evldence that the 903 PadRyan’s Pit Plume is currently impachng surface water quality 
at thxs hme 
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3.0 PROPOSED ACTION 
Based on a rewew of ems- data, WETS, EPA, and CDPHE agreed that momtonng would be the best 
approach for 903 PadRyan’s Pit Plume to assess natural attenwon and potenbal groundwater impacts to 
s& water quality It is also recogmzed that source removal at the 903 Pad will address the source area 
con-on and reduce the d u x  of addibonal contarmnants mto the groundwater 

3 1 PROPOSED APPROACH 
The overall strategy for 903 PadRyan’s Pit Plume is to use the mformation from the GeoprobeB bonngs 
to idenhfy all the potenhal areas where contaminants are moving toward swface water By using an 
evenly spaced line of GeoprobeB holes to mtercept the downgradient plume, contamrnant pathways have 
been identified without unnecessary holes and extensive analysis to evaluate the upgradrent 
hydrogeology 

The proposed approach for momtonng the 903 Pad/Ryan’s Pit Plume will be to mstall four downgradient 
permanent wells to monitor VOCs One pemanent well me- WETS momtonng well standards will be 
placed near Temporary Well 0 1298 (Figure 1-2) Th~s  locabon was selected based on mass flux 
calculations (IT, 1998b) presented in Appendrx C Based on the 1998 well data, this well consistently had 
the hghest contanunant load for each of the chlonnated solvents thus the greatest contarmnant mass flux 

Three addrhonal wells wdl be placed downgradient of the 1998 wells and upgradient of the SID Two wells 
w11 be used to momtor the colluwum and one mll be screened mto the Arapahoe No 1 sandstone The 
locabon of these wells wll be determmed by uang the obsemhonal approach, i e , Geoprobe@ holes will be 
placed to deterrmne whch locat~ons have the greatest groundwater flow based on saturated thickness, 
hydraulic gradtent, bedrock contours, and other hydrogeologd attnbutes Figure 1-2 also shows the 
general area where Geoprobe@ holes wll be p l a d  The bedrock well (Arapahoe No 1 sandstone) will be 
placed near well 90 199 smce t h ~ ~  well 1s close to well 0 1487 Pnor to perforrmng the fieldwork, an 
eco log~d  evaluabon wdl be conducted to make sure the work does not result m detnmental ecological 
effects mcludmg unpacts to the Preble’s Jumplng Field Mouse 

0 

Geoprobe@ locat~ons and permanent wells m11 be momtored for VOCs All activihes will be integrated mth 
emstmg RFm momtomg achwties under the IMP (Ka~ser-H~ll, 1997) Monitonng is planned to continue 
untd enough data are collected to establish a trend m downgradient concentraOons Further details on data 
quality objectwes, sampling procedures, and analyhcal methods will be presented in the SAP appendix to 
the workplan to be developed under the IMP Monitonng will be inibally performed quarterly in 
conjunction with the IMP acttvlties dunng the first year to optimize the seasonal aspects of water level 
and VOC concentrabon vanabons, while mimmizing costs and other resources Subsequent sampling 
hming and frequency will be specified in the IMP based on the sampling results of the first year The 
same samphng and analyses methodologies used for monitonng RFCA groundwater wells will be utilized 
for the 903 Pamyan’s Pit Plume wells If at any time dunng monitonng the monitoring data indicates 
that the plume could cause surface water concentrations to exceed the values in Table 1 - 1 at the point of 
evaluabon (SW027), then the approach to 903 Pamyan’s Pit Plume will have to be reevaluated 

3 2 

This project falls under the scope of the Occupational Safety and Health Administration (OSHA) 
construmon standard for Hazardous Waste Operations and Emergency Response, 29 Code of Federal 
Regulabons (CFR) 1910 120 Under this standard, the Health and Safety Pian (HASP) currently utilized 
for groundwater monitonng will be revised, if necessary, to address the safety and health hazards of each 
phase of monitonng achwties and specify the reqwrements and procedures for employee protection In 
addtion, the DOE Order for Construcbon Project Safety and Health Management, 5480 9A, applies to 
thts project T ~ I S  order requires the preparation of Achvity Hazard Analyses (AHAs) to identify each 

WORKER HEALTH AND SAFETY 



task, the hazards associated with each task, and the precautrons necessary to mitigate the hazards The 
AHAs wll be included in the HASP Thls project could expose workers to physical and chemical 
hazards Physical hazards rnclude those associated with use of dnlling equipment, noise, heat stress, and 
cold stress Chemical hazards rnclude exposure to the contarmnated groundwater Physical hazards will 
be mitigated by engineering controls, adrmnistrahve controls, and appropnate use of personal protective 
equipment (PPE) Chemical hazards wlll be mitigated by the use of PPE and admmlstratrve controls 
Appropnate skm and respiratory PPE wll be worn throughout the project Routrne VOC momtonng will 
be conducted wth an organic vapor monitor 

If unanticipated hazards or conditions are encountered dunng this project in accordance wth  RMRS 
policy (Directive-00 I), the project actinties will pause to assess the potential hazard or condition to 
determine whether work can proceed with existing safety controls If field conditions or hazards vary 
from the planned approach and it is determined that work can be done safely, an AHA will be prepared or 
modified to address the unexpected circumstances, and work will proceed according to the appropnate 
control measures Data and safety controls will be continually evaluated Field radiological screening 
will be conducted as appropnate usmg ra&ological instruments appropnate to detect surface 
contaminafion and anborne radioactmty As required by 10 CFR 835, Radlahon Protechon of 
Occupational Workers, all applicable implementing procedures will be followed to insure protection of 
the workers, collocated workers, the public, and the enwronment The HASP will describe the air 
monitonng to be used to monitor for radiahon, VOCs, and parhculate, as appropnate If necessary, ax 

Woact ive  Ambient Air Monitonng Program (RAAMP) momtonng throughout the project durahon 
Air monitonng actmties may vary and are dependent on field actinties 

3 3 WASTE MANAGEMENT 
Waste antrcipated from dnlling and sampling include dnll cuttmgs, purge water, PPE, and development 
water from well installation All wastes will be managed in accordance with the WETS standard 
operatmg procedure, Field Operations (FO) 29, for IDM under the existrng IDM program Wastes 
generated, as part of th~s proposed actron, unll be charactenzed based on process knowledge, analytical 
results, and rdological screening Based on FO 29, wastes, such as PPE, idenhfied as non-radlological 
and non-hazardous will be disposed in a samtary landfill Purge water will be treated at the 89 1 
Consolidated Water Treatment Facility 

I monitonng wdl be performed in accordance wth applicable procedures, which includes penmeter 

' a  
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4.0 IMPLEMENTATION SCHEDULE 

Well mstalla&on is scheduled to be completed in Fiscal Year 1999 The downgradient monitonng of the 
903 P a y a n ’ s  Pit Plume is scheduled to commence in the Fiscal Year 1999 on a quarterly basis for the 
first year Subsequent sampling timing and frequency will be specified in the IMP based on the sampling 
results for the first year 
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Hydrogeologic Cross Sections 
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Estimate of Contaminant Flux for 

903 PadRyan’s Pit Plum 



ByZHT Date 711 5/98 Subject Estimatlon of Contaminant Flux 
ChkdBy Date 903 Padmyan's Pit Plume, AFETS 

Estimate the flux of contaminants from the distal, downgradient portion of the 903 Padmyan's 
Pit Plume potenttally entertng surface water in the Woman Creek drainage. 

DO1 OOY; 
The alignment of push-probe wells installed in 1998 north of Woman Creek and the South 
Interceptor Ditch forms the basis of the estimate. All groundwater on the steep south-facing 
slope above the elevation of the creek bed IS assumed to discharge to  the surface via seeps. 

- 

Transmissivity and concentrauons in those wells w h i n  the distal pomon of the plume are used 
to calculate the average contaminant loads in colluvium and weathered bedrock. Together 
with hydraulic conductivity and the length of the plume perpendicular to  its flow direcuon, 
the flux of the contaminant VOCs are calculated 

In the lower portton of the Woman Creek drainage, groundwater flows hortzontally out of 
collwrum and weathered bedrock, discharging to the surface water system. Discharge from 
bedrock is assumed to be-limrted to the first 10 feet of saturated bedrock, or the full saturated 
thickness between top of saturated bedrock and the creekbed elevahon along a given point's 
downgradient flowpath, whichever is greater. 

VOC plume concentrations are uniform vertically through the colluvium and weathered 
bedrock. -* 

5 *&%O - 

C o 1 l uvl u m 9.3E-05 cmfsec 2.6E-01  day 
Weathered claystone bedrock 8.0E-07 cmlsec 2.5E-03 ftlday 

Loss or destrucuon of contaminants through evapotranspiratron, biodegradation, and other 
processes is not considered All contaminants at the alignment of the push-probe wells are 
conservatively assumed to enter the surface water drainage. 

See following sheets. 

Flow and contaminant flux in the weathered bedrock is negligible. The colluvium Is 
inconsistently saturated, and the distal portion of the plume transmits little flow 
and contaminants to the Woman Creek drainage 
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